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.

EVALUATION OF SEVERAL ADHESIVES AND PROCESSES FOR

BONDING SANDWICH CONSTRUCTIONS OF ALUMINUM

FACINGS ON’PAPER HONEYCOMB CORE

By H. W. Eickner

In preliminary tests, 6 of 14 bonding processes evaluated by tension
tests on sandwich specimens of l-inch aluminum cubes bonded to a resin-
impregnated paper honeyconibcore gave good-quality bonds which had average
strengths of more than 350.psi or more than 75-percent failure in the
core when tested at both 800 and 200° F.

The four bonding processes that had given the best results in the
preliminary tests were used in a further investigation ~de to determine
the effect of the mount of adhesive spread on the tensile strength of
joints made between aluminum and resin-impregnatedpaper honeycomb core.
All four bonding processes were found capable of producing good joints
between the aluminum and paper honeycomb when moderately heavy spreads
were applied to both core and facings. The use of lighter spreads or
the application of the adhesive to only the core or facing usually
resulted in lower-quality bonds, but with some of the adhesives the
strength of the.joints was sufficiently high for the lighter spreads to
be considered satisfactory.

INTRODUCTION

Near the end of World War II, sandwich constructions

●

consisting of
high-strength facings bonded to ofiosite faces of a low-density core
material were being efiensivel.yinvestigated for use @ aircrtit con-
struction. The original emphasis’in this development was on the use of
balsa wood and foamed plastics as core materials. More recently, however,
sheet metal, resin-impregnatedpaper, and resin-impregnated cotton and
glass fabrics prepared in the form of honeycomb structures were devel-
oped as low-density core materials for use in aircrsft sandwich
constructions.

Certain problems occurred in bonding facings to these honeycomb
core materials because of the smsll area of actual contact for bonding
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and because the large cells tended to entrap adhesive solvents and to
produce blistering when the panels were hot-pressed. It was the purpose
of this study to make a preliminary evaluation of a number of adhesive
processes for bonding honeyconib-typecores to metal facings, and also to
determine the amount of adhesive that should be spread when using the
more promising adhesives and bonding procedures. For the purpose of
this study, it was necessary to limit the investigation to one honeycomb
core material, a ’resin-impregnatedpaper honeyconibhaving a density of
about 6.5 pounds per cubic foot,,in sandwich
facings.

This investigationwas conducted at the
under the sponsorship and with the financial
Advisory Committee for Aeronautics.

.

specimens with aluminum-alloy

Forest Products Laboratory
assistance of the Nationsl

I. PRELIMINARY EVALUATION OF ADHESIVE PROCESSES

Materials

Honeyconb core.- The honeyconibcore material used was the Forest
Products Laboratory standsrd “B” flute paper honeycomb prepared from
4.2-roilkraft paper and having a resin content of about 65percentby
weight of the completed core and a density of about 6.5pounds per cubic
foot.

.

The core material was

l’foot wide, and ~ inches

tions 2~by~ inches by;

cation and cutting of this
and~2.

first fabricated into blocks 4 feet long,

thick. These blocks were then cut into sec-

inch thick. (See figs. 1 and 2.) ‘The fabri-

core material are described in references 1

zQQ2f3E”-One-inch cubes of 17S-T4 sluminum alloy (fig. 2) were
bonded directly to the core materisl in this preliminary evaluation of
adhesive processes. The faying surfaces of these cubes were first
milled smooth. After these surfaces were milled, the cubes were washed ‘
in acetone, dried in air, and then immersed for 20 minutes at temper-
atures of 140° to 160° F in a solution of the following composition by
weight: 10 parts of concentrated sulfuric acid, 1 part of sodium
bichromate, and 30 parts of water. Upon remomil from the solution, the
cubes were rinsed in hot water and allowed to air-dry.

Adhesives.- The 14 adhesives or combinations of adhesives investi-
gated in this psrt of the study for the bonding of hpre~ated paper
honeycoti to aluminum facings are listed in table 1 together with the

.
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r,
procedures used in applying them. Four of the bonding procedures used,
B, D, E, and F, were two-stage processes in which a primer adhesive was
applied and cured on the metal and a secondary adhesive was used to
bond the primed metal to the core. The rmaining processes were direct-
bonding processes in each of which a “singleadhesive was employed, with
the exception of process H which en@oyed two adhesives in forming the
direct bond between metal and core.

Fabrication of Test &ecimens

Sixteen tension specimens of the sand@ch type shown in figure 3
were prepared by each of the bonding processes evaluated. Specimens
with each adhesive were prepared in a group by the use of the alinlng
jig shown in figure 2. The bonding conditions used in preparing these
specimens are listed in t~le 1, and were usualJy within the range
recommended by the adhesive manufacturer.

The adhesives were applied on the clean or primed surface of the
aluminum cubes with a brush or by spraying. On the small cubes it was
difficult to obtain an accurate determination of the spreads applied;
in general, however, the spreads were fairly heavy. Whenever a ptier
was used on the aluminum cube, it was sprayed on, allowed to air-dry,
and then cured in an oven prior to the secondary bonding.

Adhesives were applied to the cores by brushing or by dipping the
face of the core into a film of the adhesive that had been spread on a
glass plate.

After the application of the adhesive and the open-asseniblyperiods
listed in table 1, the specimens were assenibled. The procedure in
asseniblingspecimens was to place the 16 cubes with the spread surface
turned up in the bottom of the dining jig (fig. 2), to lay the cores
against the cubes, to insert the upper alining bars in the jig, and then
to place the top 16 cubes in the jig with the spread faces against the
core. A thin, end-gain balsa caul was used on both top and bottom of
the asseniblyto equalize the pressure, and the entire assembly was
pressed in an electricsXly heated hydraulic press. Following the
pressing period given in table 1, the assetily was removed from the
pNSS and allowed to cool to room temperature. The jig was then &L~-
assembled, and the individual tension spectiens were cut from the bonded
section so that the edges of the core were even with the edges of the
cubes.

— .- . —-— ..———
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Apparatus and Test Methods “

NACA m 2106

After a conditioning period of at least 1 week at 80° F and 30-
percent relative humidity, the bonded specimens were tested in tension.

The testing apparatus consisted of a set of testing grips, with a
universsl joint to elhinate effects of misalinement, in which the
specimens were held by insertion of two pins (fig. 3), of an insulated
cabinet (fig. 4) with elevated temperature control and a fan for circu-
lation of air, smd of a universal testing machine. The testing grips
were placed in the inside of the cabinet and attached to the heads of
the testing machine through the top and bottom of the cabinet.

For each of the lk bonding processes evaluated, 8 specimens were
tested at room temperatures (approXtely80°”F), and 8 specimens were
tested in the c~inet at 200° F. For the tests at 200° F, specimens
were held in the insulated heated cabinet for 1 hour so that they might
come to temperature equilibrium with the air in the cabinet, which was
mainttied at 200° F.

Each specimen was loaded to failure in tension by a
of O.0~ inch per minute. Maximum load at the instant of
recorded, together with the nature of the failure.

Test Results

head movement
failure was

.

The avefage resuits of tension tests at both 800 and 200° F on
the sandwich specimens of aluminum bonded to impregnated paper honeycomb
by means of different bonding processes are given in table 2.

.

Of the 14 bonding processes evaluated, 6 (B, C, E, F, G, andH)
produced joints that were considered inferior in view of the results of
the tests at 800 F. Judging from.the appearance of the joints titer
testing, the bonding processes C and G fa~ed to produce good joints
because of insufficient flow of the adhesive; processes B, E, andF
failed in adhesion to the primer; and process H failed in adhesion to
the metsl.

The other eight bontig processes (A, D, I, J, K, L, M, sndN)
produced good bonds, as shown by the tests at 800 F. The average
failures with these processes were from 71 to 100 percent in the core
material and the average tensile strengths were from 399 to 503 psi.

The tests at 200° F indicated a general lowering of the strength
of the sandwich assemblies. The highest failing loads were obtained
with processes A, D, and K, where the average tensile streng&s were

.
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about 360 psi, with failures in the core of 100, 54, and 99 percent,
respective y. Specimens bonded with processes L, M, and N showed
average failures in the core of ~ to 88 percent, but the tensile
strengths averaged only 231 to 292 psi. The lower strengths obtained
with these last three bonding processes couldbe due to variations in
the strength of the core or to the effect of the adhesive or of the
curing cycle on the strength of the core.

The six processes that gave poor bonding at80°F (B, C, E, F, G,
and H) also gave low-stren@h bonds at 200° F, usualJ_ywith no core
failure. Bonding processes I and J gave somewhat higher values of
stren@h and core failure at 200° F than did these sti processes, but
their tensile strengths were significantly lower in vslue than the
corresponding vslues for processes A, D, K, L, M, and N.

II. DETEHMIIUU!IONOF EFFECT OF SPREAD

The preceding preliminary study indicated that there-are several
processes that produce satisfactorybonding of paper honeycomb to
slwninum when the adhesive spread is sufficiently”heavy. Heavy spreads
with the added weight and cost involved would not be warranted, however,
if lighter spreads would produce equally good bonds. It was the purpose
of the second part of the study, therefore, to determhe the lower limits

, of adhesive spread that could be used to produce satisfactorybonding of
paper honeycmib to sluminum facings with seversl of the better adhesive
processes previously studied.

.

Materials
.

Honeycomb core.- Sections of impregnated paper honeyconibcore of
the ssme type and size SE those used in psrt I were used.

,

Facings.- Because of the difficulty in accurately measuring the
amount of adhesive spread on smalJ surfaces, such as the faces of the
l-inch cubes used in part I of this study, Z$-by5-inch pieces of

0.020-inch alclad 2@-T3 aluminum-slloy sheet were used as facings on
the paper honeycoti. The aluminum facings were cleaned first with
acetone and then by immersion in a solution of sodium bichromate and
sulfuric acid in the same manner as the aluminum cubes for part I. .

Adhesives.- The four bonding processes selected for inclusion in
this part of the study, based upon the results obtained in paz% I, were
bonding processes A (using the two-part adhesive composed of phenol and
polyvinyl resins), D (the two-stage process of metsl-prhing adhesive C

- ———— ——
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used with an acid-catslyzedphenol resin as the secondary
K and L (both using polyvinyl resins modified with phenol

Fabrication of Test Specimens

Sandwich psaels, ~by~ inches, were first prepared

NACA TN 2i06 “

~esive), and ,,

resins).

by bonding

0.020-inch alclad 2@-T3 aluminum-alloy facings to ~-inch-thick paper

honeycoti core by means of each bonding process and spread condition
investigated.

The bonding condition& used In prepsring these panels were, in
genersl, the same as those listed for bonding processes A, D, K, andL
in table 1. The exceptions were the smounts of adhesive spread, which
were v~ied as shown in tables 3 to 6, and the precuring conditions,
which were varied slightly in some instances with adhesives K smd L, as
shown in tables 5 and6, respectively. Because the thin facings of the
panels couldbe placed directly against the platens of the press where
the joint would reach the desired temperature promptly, the totsl
pressing period.swere shorter than those used in part I, even though
the joints were heated at the inticated curing temperatures for approxi-
mately the .semelengths of time as those given in table 1.

After the panels had been removed from the press and cooled, the
sluminum facings of the panels were cleaned by rubbing with steel wool.
Clean alur&um cubes, as used in part I, were bonded to both facings of

.

the sandwich with adhesive L in a manner similar to that used in part I
when the cubes were bonded directly to the cores. Eight tension test
specimens, shilar in type to that shown in figure 3, were thus prepared

from each ~-by 5-inch panel. One panel .wasprepared with each adhesive

under each set of conditions.

Apparatus and Test Method

After a conditioningperiod of at least 1 week at’80° F and 30-
percent relative humidity, the bonded specimens were tested in tension.
The testing apparatus and method of testing were the same as those used
for tests at room temperatures in part I of this study. “

The average results of
impregnated paper honeycmib

Test Results

the tension tests on specimens of resin-
bonded to aluminum facings by the four

.
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bonding processes when using various adhesive spreads are given in
tables 3 to 6.

Bonding process A.- Each value cited.in the text for bonding
process A is the average of results of tests on the eight specimens
cut from one panel. The complete results are given in table 3.

When no adhesive was applied to the core, adhesive spreads ranging
from 10 to 25 grams per square foot on the facings gave joints of
moderate strength (averages of 187 to 25> psi), with most of the failure
in adhesion to the core. Increasing the spread rate slightly above
25 grsms per square foot resulted in slightly stronger joints (305 psi)
and more failure in the core, but with the narrow panels used in this
study some blistering occurred. The blistering was caused by the
adhesive solvents retained after air-drying. These solvents ruptured
the bond between cell wslls and forced the core material out of the
edges of the sandwich panel= This type of blistering might not have
occurred if the panels had been larger, or if the cells in the core had
been bonded more firmly together.

When no adhesive was applied to the-facings, adhesive spreads of
10 to 25 grams per s uare foot on the core resulted in bonds of moder-

?ately high strength 265 and 277 psi), but at the upper limit of this
spread range some blistering occurred. Spreads greater than 25’grsms
per square foot resulted in luwer joint strengths, edgewise blistering
of the panels, and excessive foaming of the adhesive.

The results obtained on specimens when both core and facings were
spread with adhesive were generally better than those obtained when
adhesive was applied either to the core or to the facings alone. All
the stren@hs were of a moderate to high quality (245 to 367 psi)
regardless of the amount of spread within the range investigated - 6 to
30 gzsms dry spread per square foot on the facings and 6to 35 grams
per square foot on the cores. Blistering was not encountered as much
in this series as in the previous series, where all the adhesive was”
applied to the core.

Bonding process D.- Each value cited in the text for bonding
process D is the average of results of tests on the eight specimens cut
from one panel. The complete results are given in table 4.

Wet spreads of 20 to 55 gsms per square foot of the secondary
adhesive on only the primed facings resulted in good specimens, which
usually had strength vslues of more than 300 psi and 50-percent or more
core failure. Best results (419 psi and 82-percent core failure) were
obtained with the highest spread range investigated, 50 to 55 grams per
squsre foot.

.—. —_—___ . ._ ___ _ ___ ____ . ...—— —-———— —.-.
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All the wet
within the range

Bpreads
of 6 to

of the secondary adhesive on the core only,
ld.5~ams per square foot, resulted in only

poor- or fair-quslity bonds (Ilk to 227 psi) and high percentages of
failme in adhesion to the primed metsl facing. -

Joints of moderately good quslity (282 to 330 psi), with one
exception, were obtained when wet spreads of 6 to 15-grams per square
foot were applied on the facings and 10 tio30 grams per square foot on
the core. .T’he%est-qualityjoints (320 psi and 93-percent core failure)
were obtained with the heavier spread rahge of 10 to 15 grams per square
foot on the facing and 5 to 30 grams per square foot on the core.

Bonding precess K.- Each vslue cited in the text for bonding
process K is the average of results of tests for eight spectiens cut
from one panel. The complete results are given in table 5.

Joints of very poor quslity were obtained when all the panels were
prepared with various smounts of adhesive spread only on the core or
only on the facing material. The dry adhesive spreads investigated
varied from 10 to 25 grams per square foot on the facings and from 7 to
30 grsms per square foot on the core:

~ the dry spreads investigated where the adhesive was applied to
both faying surfaces, only the hea~est spread, 15 to 20 grams per
squsre foot on the facings and 20 to 25 grsms per square foot on the
core, gave good-quslity joints having tensile strengths of 379 psi with
86-percent failure in the core.

-All panels prepared with this bonding process were precured in the
manner prescribed by the adhesive manufacturer. The precuring may have
pr&ented blistering, but it may have also reduced the quality of the
joints that were obtained when using single or light spreads, since
precuringmight be expected to reduce the flow characteristics of the
adhesive.

Bonding process L.- Each value cited in the tetifor bonding
process L is the average of re,sultsof tests on the eight specimens cut
from one panel. The complete results are given in table 6.

When spreads were applied onlyto the core or only to the facings,
joints of poorto fair quslity generally resulted. When adhesive was
applied only to the core, results were better than those obtained when
a similsr amount of adhesive was appiied only to the facings. The best
results with single spreading (approximately250 PS1 and 50-percent core
failure) were obtained when dry spreads of 15 to ~ grams per square
foot were appliedto the core.

.

.
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Joints of fair to good quality (256to 334 psi) resulted when dry
spreads of 8 to 15 grams per square foot were applied to the facings
and 8 to 60 grsms per squsre foot were applied to the cores. However,
in some instances, the use of the heavier spreads resulted in blistering
of the same type as that obtained when using bonding process A. A few
panels were prepared in which the adhesive was precured in an effort to
avoid such difficulty. !l%esepanels did not blister, but low-stren@h
joints were obtained. Heavier.spreads than those used in these precuring
experiments might result in good-quality joints when precured.

CONCLUDING REMAIKS

From a study of a number of adhesive processes for bonding paper
honeycomb cores to sluminum-slloy facings, it was found that in general
the range of adhesive spread producing satisfactory joints was compar-
atively broad for each adhesive studied. Best results were ordinarily
obtained when the adhesive was applied to both facings and cores.

The four bonding processes which were found to give the best-
quslity joints in preliminary tension teStS were used in a further
investigation to determine the effect of the amount of adhesive spread
on the tensile strength of bonded specimens. All four bontig processes
were found capable of producing good joints between shminum and paper
honeycoti when moderately heavy spreads were applied to both cores and
facings. The use of lighter spreads.or the application of adhesive to
only the core or the facing ususlly resulted in lower-quality bonds,
but with some of the adhesives the strength of the joints was suffi-
ciently high for the lighter spreads to be considered satisfactory.

The tensile stren@hs obtained when using optimum spread condi-
tions in fabricating specimens for the tests to determine the effect
of spread were generally lower than those obtained with specimens
prepsred for the preliminary test~ under similsr bonding conditions.
The rate of heating of the joints, the p~el size, the v~iability of
the strength of the core-material,and the differences in the construc-
tion of the test specimens might account for the difference in joint
strength results obtained in the two parts.of this investigation.

Forest Products Laboratory
Madison, Wis., Janusry 13, 1949
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TABIx 2.: FESULTS OF THNSION’33SI%WAT &3° AKO!.XIOO FONSAKTWICH

-~S1 BONTFJI BY DITFHIHT BONDING PRCx3zssHa

[j3achvalue 1.9the averege of reeulte of taste on eight apecimene cut from one panel]

I

Ion&h

)roceE
(2)

A

B

c

D

E

F

G

H

I

J

K

L

M

H

~enBih

Strengtl

(psi)

733

323

X.9

435

192

24L

99

252

399

420

4gi

436

532

402

Ted results at 800F I Test reeulta at ‘230°F

~om Adheaior

ta core

lm o

46 4

3 0

n 0

0 0

1 k

o o’

6 0

99 0

@ 4

9 3

103 0

94 6

59 0

Type of failure
(percent)

Adhesion

to metal

o

0

0

0

0

.0

0

93

1

7

7

0

0

0

Adhealol

ta primeo

o

Y

o

28

100

95

0

1

0

o“

o

0

0

0

Teneile

Btren@3

-&nnd (psi)

o 3%

o m

97 lak

1 3%

o 2++

o 162

ml 95

0 146

0 275

0 281

0 362

0. 292

0 m

1 231

Type of i%ll.ure

(percent)

~om Adhesion Adhesion Adhegim Cohesion of

to core ‘cmmtd ta primer adhesive

10CJ o 0 --- 0

33 0 0 67 0

0 0 0 :.- 100

54 2 .0 ,35 9

0 0 0 ml o

0 0 0 103 0

0 0 0 --- lQO

0 0 la) --- 0

59 0

48 0

99 0

83 10

.99 7

77 0

2

xl

0

‘7

0

23 L
---9
--- 32

--- 1

--- 0

--- 5

--- 0

+Seaitich epecimene coneiEted of two l-inch 17S-T4 eluminum-alloy cubes bonded directly to the opposlte faces

of a ~ -inch-thick section of ~6in-jqregoa&d paper honeycomh the same CLEthat Ueacrlbecl In reference 1.

5A genend description of the edheaiwa UEed in each process is included In table 1.
=5=
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ThEIz 3.. Fmu-urs cr?Ta6Ti3m SAiawIcmam=umVaa BwulKDHITEvARIm McnJrimcsmIvEA

b ml. in * weruge of .mlta of tasta on eight upcckene cut * onn panel unleOs othemlae nbted]

AmountOr dry adhesiva s-pmti F faying atufme
(dt:)rt)

Type of flxOux@

Tannfie (pm-cent)
a-~
(p,i)

F&cing core cm
Adhesion AdhasiOn C0he6i0n or

to Core to mtd .9dk38ive

1O-I2 (liquid and PO*) Ifcnm %6 co w ‘=0 ’33

16-19 (liquid and W-II=) Hone %6 C4 9’ ‘x3 ,@

20-22 (liquidand powder) male 187 0 k7 1 32

23-25 (liquld and Wwd.ar) mm% ’255 I-2 M o 0

. 26-30 (llquldd *r) lbme c d3m
c’%

c d30 c% cm

Hone 6-9 (liqnillallapwdRr) C=7 % % 04 %4

none 10-12 (liquid end tier) %-l-l qb %6 % co

Ilona 23-27 (liquid and pcfwder) d~5 ag U9 do do

Hone s5-30 (liquid @mlPJW@) .3145 a15 da? % do

Woe &L65 (WUM ant pwier) d~~ w, d% %7 do

6-9 (Ilquid and pmddnr) 1O-I5 (liquid only) m 9 91 0 0

1O-U ‘(liquid @ pcmler) 10-I.S (liquld only) c %45 .C w CW3 c% c%

15-W (liquid and povder) 6+ (liquid only) 036s W co co %2

15-20 (liquidend pnd.er) 10-lS (li@d O!dY) %261 C43 w w co

15-20 (liquid Eruipm’d!ar) W-@ (liquid Cdy) 3% k , 0 ‘o 96

15-2!0 (liquid and WWIIar) 33-35 (li@d only) c d~7 C* c d36 C dl $ djk

25-30 (liquid and powlm?) 10-27 (li@a d.r) 331. 27 73 .0 0

.— ,, .,_—. — –.
%mdricb SPCIUMIE ccmai6tidof two l-inch 7E-T4 dumirnm-elloy cubes iwnd.ed to oectiom of O.LWJ-imh 24-5-17 aUlad alminun

alloy which were boded to tbe waite facea of i-. -inch thick mBin-lmpr6gn8tad peqer honeycmb oore the mm u that described in

reference 1. me joint between the MM fe.ae an~ the honewmb mm WE tier tat.
he sprmd nf @eaiw a tw-part tisive comiti~ d . liquid phenol rmin and a wlyvinyl powdar) w variud es ehwn,

[l%e other bonding conMtions open-mnmbly tire, XL houm; curing, ’25titan at 31.0°F; and preomu’ej 15 Psi) mm h~d ~n~*~*.
‘Averegeof WJ.UH obtined frm taete on 16 specimns, 8 from the orl@wl panel end 8 t’rm ma additional F-WA made for

checking Oi-i@nal remits,
%nt reml+e obt&ln8d on panels ti which acme blldering occured. Blistering v-u WY in the part of tbe mm whlcb

egtid out of the sides of the amiwich panel.

T
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!rA.mE4.- msmus OFmIONTESYS OH SNUMICE SFECWZWa ~ BY THE !tUO-S17A@

Boh!Dm FRWE2.S DANDUSINOVAFl~ AMYJW19 OF TKESEWEM.RY~SIVE

[W value 16 tie avwra&e

&

of results of te- cm ei epecimens
cut from one penel unless otberwlse n

Amountof vet eecondary-ailheai~
spread per f

9
burface

(d;; H

Feel.ng

10-u

1>20

20-!25

?+35

3-5-40

x-x

I?one

None

Ifnne

Eone

6-10

6-1o

6-1o

6-10

6-1o

1O-I.5
.

1O-I.5

10-15

10-15

23-25

core

km,

ITme

190ne

Ii’one

none

130ne

6-9 ‘

l$ZO

11o-115

4-6

6-10

10-15

15-!20

20+5

6-10

1>s

m-z

25-9

6-1o

Tensile

w
148

%

’332
Z9k

363

klg

143

U4

%20

227

221

%?66

286

291

3Y3

%222

269’

282

w

273

Core

s

=32

‘w

97

64

82

‘7

2

‘3

38

Ill

C33

43

27

21

%

1

14

93

38

Adhesion
-& core

o

C19

co

o

0

0

0

0

%

o

10

co

o

0

0

=1

o

0

0

0

Typeof failure
, (percent)

Adhesion
ta -r

68

=4

%

3

23

18

76

98

%9

62

79

%-f

57

72

79

%8

S9

86

6

62

Cohesionof
adhesives

3

co

co

o

0

0

17

0

%?

o

0

%,

o

0

0

‘%

o

0

1

0

Frhar
ad3esi0n
to metal

o

‘=0

‘%

o

II

o

0

0

%

o

0

%

o

1

0

co

o

0

0

0

%LMuIch specimensconsistedof tw l-inch17S-Tkdwimm-alloy cubesbondedp sectkms
of O.cno.lnlm24S-T3 .elll.aaECLumlnumtiOy which vem bonded b ~site faces Of a #nCh-thlCk rwJi?J-

Impregnatdpaperhoneycombcorethe samea6 thatdescribedIn reference1. ‘The jointbetweenthemetal

‘- %?~_md”Z %.@& %$&ve, an acid-catdyzed,Intermedle.ta-temperature-.ettingphe.1
resin,Waa variedas indicated.Onlythe faclngawereprimedvltha 0.CK14-inchfilmof the priming
adhesive, and were CUM for ~ d.nutes at ~ F prior to ti secondary bodl.ng. The other ImnMng
cmndltlom ulth the second.eryadhesive (open-mserfbly the, 2 hours; Curing lhourat220° F; and

2pressure,15 pi Vere hda Cvnatant. ‘
.

cAverageo vdue.qobtainedfromtentson 16 specimens,8 from the ori@nd panel end 8 frcanone
aadltionel panel made for checwlg O.rlginelredta.
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‘l!mx 5.- RESULTS OF TENSIO19TESTS ON SANDWICHSPECMSa

BONDEDWITH VARIOUSAMOUNTS OF AJ)EESIVEK

Each value is the average of resul.lmof tests on eight
syecimenscut from one panel unless otherwisenoted]

Amount of dry I I
dhesive spread
:rfaying surface Type of failure

(q/sq ft) Tensile (percent)

Ti
(b) ‘=N--l-

Facing core co= AdhesionAdhesion
Cohesion

to core to metal *::ive

1O-I2 None 12 2 98 0 0
,

15-20 None 38 2 96 0 ‘o
\

20-25 None 2’9 0 93 0 7

None 7-9 ’37 C4 C96 co co

None 25-30 163 8 92 0 0

8-10 7-9 100 lJ- 74 15 0

8-10 30-35 183 36 19 0 45

10-15 10-15 246 - 18 82 0 0

15-20 10-15 271. 8 92 0 0

15-20 20-25 379 86 :14 I o I o

%andti&, specimenscansieLed of two l-inch 17S-Tk
?:LUUm-ECUOy cubes IJmiied to sections of O.020-inchalclad
aluminumalloy which were bonded to the oppositefaces of a
~ ~ch-thick resin-inqregnatedpaper honeyccmbthe ssme as

that descri%edin reference1. The jointbetween the metal
face and honeycmibwas under test.

%& spread of the adhesive,a polyrlnylphenol resin,
was varied as indicated. The otherbonding conditions
(open-asseniblytimel 18 hourb; precuring,.9minutes at 300° F
h hot press tithoutPZ=SSW= applied;c-, 15 minutes at
300° F; and pressure,15 psi) were held constant.

cAverageof =alues obtainedfrom tests on 16 spechens,
8 from the originslspecimenand 8 from one additionalpanel
made for checkingoriginalresults.

.-

.- —- ... .. . ..—. .. .. .. _. ..__ __ ..____ _ _. ._ .———.—.——.—
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mum 6.- msmm oFTmsIoN mm?soEsmDmcH SPWIW# B-

Url?HvAFmmsAMommsOFALMESIVEL

@achvalue is the average of results of tests on eight

apecti cut frcm one panel unless othemlse noted]

Amountof dry adhesive spread

per fayhg surface

(d;:)ft)

=

1o-15 none

15-20 None

20-s Hone

33-35 None

Hone 5-i’

I13ne ‘%0-15

None dU-~

None B-m

none xk25

None 8Q-85

%-10 a3-5

8-1o 5-7

‘%-lo %0-15

8-10 15-!20

8-1o 25-3

10-15 8-10

1o-15 15-20

10-15 20-25

10+5 55-60

‘l%nsSle
Str=km
(psi)

i%

=8

%26

172-

=7

147

247

c %1

200

U6

138

=7

256 .

333

293

=246

%J4

334

core

o ‘

o

‘=4

1

19

0

3

YzL

c e~

o

3

3

25

99

79

62

egb

‘B

97

Adhesion
ta core

100

100

36

9

0

95

95

%1

c em

o

97

97

75

0

8

U

‘3

eo

o

Type ae f.sslure
(percent)

Adhesion
to metal

o

0

%

o

0

5

2.

eo

ce o

0

0.

0

0

0

0

6

eo

‘=0

3

Cohesionof
adhesive

.0

0

‘%

o

81

0

0

%8

c elo

100

0

0

0
)

1

13

ZL

‘3

%

“o

%ndwichspecimens conalated of tvo l-inch 172-Tk aluminum-alloy cubes bonded ta
s tlona of O.OX)-Inchalclad aluminumslby which were bonded to the oppositefaces of
a ~ +hch-thickresti-lmpmgnateapaper honew~ the same ss that *swlb~. ~ ~f e~nce 1.

Z%
int betweenthe met-alface sd honeycombcore was under test.
e spread of adhesive(a polyvfnyl phenol resin) was varied as Indicated. The

other bonding COIN31tiOYIS (open-ismmbly time, 18 houxs; mmins, 25 mhd=s d 3Z0° F; ma
pIWSS~, u pSi) ~ held COIIStSJlt.

cAversgeof values obtainedfrcm tests on 16 specimens”,8 from the original panel
ma 8 from one Utional panel made for chedd.ngoriginalresults.

dpan~ in which the adhesivewas precwed for 20 minutesat 2cW to 220° F after
18 hours Of Open S5SSSibly.

%est resultsobtainedon panels In uhlch someblisteringoccun?ed. BllsterlngVS-S
WY h the part of the core which expendedout of the sides of the santb+lchand.
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Figure l,-
S

CuMng of fabricated blocks of paper honeycomb materialtitosectionswith a circulm saw,



.—— —

‘?

.

9



c

.

—.

,1 \

“\\
\,

.

F’igme 2.- sectiom of paper honeycomb core mater~, al~m cuks, EUXI didng jig used in fabrication

G
of sandwich specim.em for tmaion teste.
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Flgwe 3,- Specimen and fittings used for tensile tests of sandwich specimens of aluminum bonded to paper

honeycomb core.
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Insulatedheatedcabinetinwhich sandwich specimens
tensionat2000 F.

L-.. __

Figure4.- were testedin
.
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